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in the specimens after 5 weeks of in vitro culture compared to those
cultured for 1 week only (p< 0.05). DMB assay demonstrated a more
abundant synthesis of GAGs in the specimens cultured for 5 weeks
(p< 0.05). Biomechanical compression test demonstrated that Young’s
modulus (E) of the specimens cultured for 5 weeks was equal to that of
the unseeded ﬁbrin glue. Shear properties analysis demonstrated higher
elastic properties (G′) than those of the unseeded ﬁbrin glue. Biochemical
and biomechanical properties showed an increase after in vivo culture.
Conclusions:We noticed an increase in the collagen type 2 synthesis, in
the biochemical, compression and shear properties over the experimental
times, suggesting that culturing the samples before implantation can
give the surgeon a more developed and resilient construct. Moreover,
samples cultured for 1 week only in vitro showed an important decrease
in volume after in vivo culture, conﬁrming the importance of pre-culturing
the engineered tissue before implantation. However, this model needs to
be validated in an in vivo orthotopic environment in order to evaluate its
behaviour under physiologic load bearing stimuli.
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Purpose: Cartilage damage is a clinical dilemma with much attention to
cartilage tissue engineering and a focus on bone marrow-derived mes-
enchymal stem cells (MSCs) given their potential for clincial relavance. In
this study, we attempt to produce a cartilage-like biomass using a self-
aggregating suspension culture model whereby with chondrocytes the
chondrogenic phenotype is sustained without the use of a scaffold. Our
study’s purpose was to question if a self-aggregating scaffold-less culture
model could serve as a method to promote chondrogenesis and could it
be affected by a mechanical load.
Methods: MSC were derived from human bone marrow with IRB ap-
proved and cultures of adherent cells were expanded for no more than
3 passages. Cultures were established with 1×106 cells/ml, maintained
in 24 well dishes coated with poly-HEMA in either control or chon-
drogenic medium (CM). Cultures were maintained for up to 6 weeks
(preconditioning) in DMEM with 10% FBS, with antibiotics and 50 ug/mL
ascorbate (Control) or DMEM with 10 uL/mL ITS+, 50 ug/mL ascorbate,
40 ug/mL proline, 10 ng/mL TGF-b, and 0.1mM dexamethasone (CM). For
each week of culture 3 samples were hydrostatically loaded and 3 were
controls; loaded cultures were placed in vials with a ﬂexible membrane
inset and held in a customized bioreactor attached to a hydraulic piston
connected to an Instron. Cyclical loading ranging from 0.5−5MPa was
applied for 3 hrs at 0.1Hz. This process was repeated 3 times on
successive days followed by a two day rest before the RNA isolated and
histology. Levels of mRNA were determined of collagen type II, aggrecan,
COMP, iNOS, MMPs, and GAPDH.
Results: MSC grown in chondrogenic medium using our self aggregating
culture model, form a mass and even after only 2 wks in culture greatly
increased the expression of cartilage-speciﬁc markers CII, aggrecan,
and COMP. Expression increased exponentially for the ﬁrst 4 wks. The
idea of pre-load conditioning followed the logic that MSCs must develop
like neonatal cartilage prior to addition of physiological load forces. The
histochemistry revealed marked ECM accumulation and a linear time-
dependent decrease in cell-to-matrix ratio similar to developing cartilage.
CM signiﬁcantly (p< 0.05) increased the wet weight of the biomasses
8-fold over control while proliferation was only 2-fold control. Hydrostatic
loading did not consistently increase cartilage gene expression as we
have shown for chondrocytes, but rather decreased ECM gene expression
particularly with shorter preconditioning time points although some trends
was observed of up-regulation after 4 wks of preconditioning. Telling
of cell stress iNOS was signiﬁcantly (p< 0.05) upregulated in loaded
samples. No increased of iNOS expression was seen in loaded chon-
drocytes (which responded well to loading) suggesting the correlation of
the negative response to load is related to a non-optimal cell-matrix ratio.
Conclusions:We demonstrate that using a high-density self-aggregating
suspension culture model MSC can be differentiated, and will quickly pro-
duce a biomaterial with features consistent with a hyaline cartilage phe-
notype. Our results show that MSCs may need to establish an appropriate
cell-matrix ratio before withstanding even a physiological load. Our results
suggest that the beneﬁt of loading may be dependent on the accumulation
of ECM and longer preconditioning times are being examined. This study
describes a bioreactor model without foreign material or scaffold in which
BMSC can form a cartilage-like biomass and represents a promising and
simple methodological approach to cartilage tissue engineering.
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Purpose: Autologous Chondrocyte Implantation for cartilage repair
requires that isolated cells are expanded in monolayer before re-
implantation to the defect. This strategy is limited by the loss of native
cell phenotype in vitro. Here we test the hypothesis that ROS generation
by chondrocytes cultured under atmospheric O2 induce the switch from
the phenotypic glycolytic metabolism to an oxidative one.
Methods: Bovine chondrocytes were seeded into ﬂasks at 2.3×104
cells×cm−2. These were distributed between standard incubator condi-
tions (20% v/v O2) and two reduced O2 conditions, 5% and 2% O2.
A glove-box integrated with the incubators (BioSperix, USA) provided
uninterrupted control of the oxygen atmosphere. All media (DME+10%
FBS) and reagents were pre-equilibrated with the speciﬁed atmosphere.
Additional ﬂasks were transferred from 20% O2 to 2% O2 after 7 days
and assessed at day 14. To assess role of ROS, a non-lethal dose of
H2O2 (10mM) was added to ﬂasks under 5% O2.
At days 0, 3, 7 and 14 the O2 consumption rate (OCR), glycolytic rate,
and oxidative stress of all chondrocytes were assessed as a suspension
in 200mM O2. 320ml aliquots were transferred to the wells of an O2
biosensor plate (BD Biosciences, Oxford, UK) in triplicate with 200 mM
and 0mM O2 reference conditions and [O2] recorded from the sealed
plate at 10 minute intervals. 3mM of the uncoupler CCCP or 2mg.mL−1
oligomycin indicated maximal oxidative capacity and non-F1F0 mediated
OCR respectively. Glycolytic rate and oxidative stress were determined
from lactate and 8-OHdG in the media over 30min. Total protein per cell
was measured using BCA assay. Data were collected from 3 independent
experiments. Error bars represent s.d.
Results: Proliferation was highly dependent on O2 with 10.2, 5.9
and 4.6-fold increased cell yield under 20%, 5% and 2% O2 respec-
tively. Glycolytic rate and total protein×cell−1 rose from initial values
of 161±51 fmol×cell−1×h−1 and 61±4pg×cell−1 at day 0 to 1063±141
f mol×cell−1×h−1 and 204±7pg×cell−1 after 14 days under 20% O2.
However, no signiﬁcant difference could be attributed to incubator O2.
OCR values, all tested in 200mM O2, were dependent on the incubator
O2 atmosphere during expansion (ﬁg 1). The OCR of cells expanded
under 2% O2 was 0.56 that of cells cultured in 20% O2 at day 14. At
39±5 f mol×cell−1×h−1 this was still 14X the values observed at day 0.
Maximal oxidative capacity was enhanced proportionately, representing
biosynthesis of mitochondria.
Figure 1.
Expanded cells exhibited increased 8-OHdG compared to day 0. This
marker of oxidative stress was also signiﬁcantly increased in cells ex-
panded under 20% O2 compared to physiological O2 (ﬁg 2).
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Figure 2.
Further, chondrocytes cultured with physiological O2 + ROS exhibited
increased OCRs. The differences were accounted for by increased total
protein×cell−1. Although proliferation was strongly affected, cells from
20% O2 did not recover when transferred to 2% O2.
Conclusions: Oxidative capacity and mitochondrial biosynthesis in-
creased within days of transfer to monolayer, associated with increased
oxidative stress with both culture duration and incubator O2. Maintenance
under physiological oxygen only partially limited the induction of an
oxidative metabolism and oxidative stress, reducing both parameters by
half. Exposure of low-O2 cultures to an exogenous ROS also induced
an oxidative metabolism. This evidence supports the stated hypothesis.
Further we demonstrate that cultures in 20% O2 could not recover their
metabolism when transferred to 2% O2 for 7 days.
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Purpose: Porous collagen biomaterials hold great potential for use
as scaffolds in cartilage tissue-engineering. Others have developed
collagen-based constructs with tunable properties of volume fraction and
pore-size distribution. In this work, we discuss the development of a new
process that allows for tuning of these properties, and the mechanical
strength of the scaffold towards cartilage tissue engineering (TE).
Methods: Collagen-chondroitin-6-sulfate (CG) scaffolds of varying prop-
erties were formed by concentrating a CG suspension in acetic acid
through centrifugation, and subsequent lyophilization. The centrifugal
force and the ﬁnal composition were varied. The morphology of the
resulting scaffolds was assessed by measuring the pore size, area, and
cell adhesion area. The water-uptake and mechanical properties of the
scaffolds were also assessed. For cartilage TE, human bone marrow-
derived mesenchymal stem cells (MSCs) obtained from 4 healthy adult
donors, were vacuum-seeded into the scaffolds at a density equal to the
void volume of the scaffold. The scaffolds were cultured in a bioreactor
in chondrogenic medium.
Results: Our results show that the CG suspensions concentrated to
as high as 5.6 times the starting value within 20 minutes after the
introduction of the centrifugal force. Increasing the centrifugation duration
beyond 20 minutes had no signiﬁcant effect on the ultimate density of CG
suspensions. Morphological analyses showed that scaffolds with greater
CG density were characterized by increased number of pores/area, and
decreased pore size. In addition, the cell seeding area increased with the
CG density. The modulus of elasticity values of the concentrated scaffolds
were an order of magnitude (as high as 3MPa) greater than that of the
unconcentrated scaffolds (Figure 1). To assess the scaffold’s compatibility
for cartilage tissue-engineering applications, histology, DNA content and
glycosaminoglycan (GAG) content of the constructs were assessed after
1 day and 3 weeks of culture. Cross-sections of the constructs harvested
immediately after seeding show cells in the scaffold voids throughout
the entire thickness of the scaffold, suggesting good interconnectivity of
the scaffold pores. Cells were viable for the duration (3 weeks) of the
experiment, and the GAG content increased from ~240 (day 1) to 1900
(day 21) mg/scaffold. After 3 weeks of culture, the void spaces had been
ﬁlled with cell-derived ECM which was positive for proteoglycans, and
collagen type II. We detected no type I and only trace type X.
Conclusions:We have developed a new process to obtain collagen-GAG
scaffolds for cartilage tissue engineering. The new process allows for
tuning of not only the pore size and distribution but also the mechanical
properties of the scaffold material thus making the resultant scaffolds
particularly suitable for cartilage TE. The scaffolds’ physical properties
allow for easy manipulation; they can easily and efﬁciently be seeded
with MSCs. The scaffolds support the differentiation of MSCs leading to
ECM production.
The harsh mechanical environment of the joint requires that cartilage
constructs should be able to match the mechanical properties of the
native tissue. In vitro conditioning can lead to increased ECM content
of the construct thereby increasing the chances of survival in vivo.
The scaffolds developed in this work are from natural biomaterial, have
superior mechanical properties, can allow for conditioning in vivo, and
reduce/eliminate in vitro conditioning.
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Purpose: Cell-based tissue engineering offers a promising means of
replacing or repairing lost or damaged tissues. Osteoarthritis (OA), or
degenerative joint disease, is the most prevalent of all musculoskeletal
diseases and is characterised by the progressive destruction of articular
cartilage. As mature articular cartilage has a very limited regenerative
potential, treatment options for OA are limited and ultimately the disease
leads to total joint arthroplasty. Mesenchymal stem cells (MSCs) offer new
possibilities for the treatment of OA by contributing to the regeneration or
maintenance of connective tissues. The aim of this study was to evaluate
various strategies to promote homing of MSCs to ﬁbrillated cartilage using
a human OA cartilage explant culture model to advance tissue repair.
Methods: Preliminary experiments were performed to establish the cul-
ture system using cartilage explants from goat medial tibial plateau
(MTP). Full thickness cartilage explants (1−2mm thick and 2mm diame-
ter) were obtained from the goat MTP and the MTP and femoral head of
humans after total knee and hip arthroplasty, respectively. Explants were
placed in 10% FCS containing media for 48 h at 37ºC and subsequently
